Objectives: We evaluated the frequency and predictive value of ocular fundus abnormalities among patients who presented to the emergency department (ED) with focal neurologic deficits to determine the utility of these findings in the evaluation of patients with suspected TIA and stroke.
Annually in the United States, 200,000 to 500,000 patients experience TIA, 1 with 7% to 14% subsequently having a stroke within 90 days. 2 A number of scores, particularly the widely used ABCD 2 score, were developed to determine which patients with TIA have the highest risk of stroke. 2 However, these scores have serious limitations. [3] [4] [5] [6] [7] Diffusion-weighted imaging (DWI) has revolutionized the differentiation of stroke from TIA. 1 However, a negative DWI does not assist with the difficult, and arguably more important, task of differentiating TIA from noncerebrovascular diseases, and TIA diagnosis remains very challenging. About 30% to 50% of patients diagnosed with suspected TIA by nonneurologists are ultimately determined not to have a TIA by a stroke neurologist. 8, 9 Even among nonstroke neurologists, agreement about TIA is only moderate to good. 10 Epidemiologic investigations have shown an association between ocular fundus abnormalities and diabetes, cardiovascular disease, and stroke, [11] [12] [13] [14] [15] [16] [17] suggesting that ocular funduscopic findings may be useful in the diagnosis of TIA and stroke in patients who present to the emergency department (ED) with focal neurologic deficits. Nonmydriatic fundus cameras can be used to assess for abnormalities of the ocular fundus, and the cameras are compact, easy to use, and do not require pupillary dilation, making them an ideal tool for nonophthalmologists. We undertook a pilot investigation to evaluate the role of ocular fundus abnormalities in TIA and stroke diagnosis using patients who presented to our ED with focal neurologic deficits during the Fundus Photography vs Ophthalmoscopy Trial Outcomes in the Emergency Department (FOTO-ED) Study.
METHODS Standard protocol approvals, registrations, and patient consents. The study was approved by our institutional review board. Informed consent was obtained from patients using a modified written consent procedure.
Study population. The FOTO-ED Study was a 2-phase sequential, cross-sectional study conducted between April 2009 and August 2011. The first phase evaluated the routine use of direct ophthalmoscopy by ED physicians. 18 The second phase evaluated the routine use of nonmydriatic ocular fundus photography as interpreted by ED physicians. 19 In both phases, all patients had ocular fundus photography with concurrent, masked interpretation of the photographs by 2 neuroophthalmologists, which served as the reference standard. In the FOTO-ED Study, adult patients who presented to our ED with the following chief complaints and triage findings were included: headache, acute focal neurologic deficits, acute visual changes, or triage diastolic blood pressure $120 mm Hg (16 kPa). Nonmydriatic ocular fundus photographs were obtained as previously described. 18, 19 This pilot investigation is a cross-sectional study of the subset of patients, from the FOTO-ED Study, who presented to the ED specifically with acute focal neurologic deficits. Patients included were required to have a focal neurologic deficit of acute onset, but we did not exclude patients based on duration of symptoms or based on time from symptom onset to presentation to the ED.
Patient characteristics. Patient demographics, including age
and sex, along with presenting vital signs, were prospectively collected. Medical history, medications, imaging, consultations, and other interventions were ascertained by members of the study team masked to fundus photography results. Brain imaging interpretations were based on the final radiology reports. The ABCD 2 score was calculated at the time of initial presentation. 2 The diagnosis of TIA was based on a neurologist's review of the patient's history, physical examination, and initial stroke evaluation in patients with negative DWI, while being masked to fundus photography results. The diagnosis of acute stroke was performed in a similar fashion to that of TIA but required the presence of MRI DWI-positive lesions. 1 Nonmydriatic photography. Nonmydriatic photographs of the posterior pole of the ocular fundus (optic disc, macula, major retinal vessels, and portions of the peripheral retina) were obtained from both eyes of enrolled patients using a commercially available, Food and Drug Administration-approved, nonmydriatic ocular fundus camera (Kowa a-D; Kowa American Corporation, Torrance, CA) as previously described. 18, 19 In the original FOTO-ED studies, 2 neuroophthalmologists independently reviewed photographs for relevant findings defined as optic disc edema, optic disc pallor, acute retinal vascular occlusion (central or branch retinal artery or vein occlusions), retinal hemorrhages, and grade III/IV hypertensive retinopathy. Both neuroophthalmologists were masked to patient data at the time of photographic review. In any case in which there remained diagnostic uncertainty, a third neuroophthalmologist made the determination of whether an abnormality was present or absent while being masked to the patient data, but aware of the finding disagreed upon by the 2 other reviewers. If there still remained uncertainty, an in-office examination was arranged.
For this study, the photographs were reviewed for additional funduscopic abnormalities, including cotton wool spots, microaneurysms, vascular tortuosity, generalized arteriolar narrowing, focal arteriolar narrowing, and arteriovenous nicking (figure, A). The Atherosclerosis Risk in Communities (ARIC) Study's circular grid (divided into 8 sectors and centered around the optic nerve) was used to evaluate the ocular fundus photographs for (B) A standard grid is drawn around the disc. Zone A is a ring around the disc margin at a distance of 0.5 disc diameter. Zone B is a ring around 0.5 to 1 disc diameter away from the disc margin.
focal and general arteriolar narrowing and arteriovenous nicking (figure, B). 20 Focal arteriolar narrowing was defined as an arteriole estimated to be $50 mm in diameter that had a constricted area two-thirds or less than the width of the normal proximal and distal vessel segments. 20 Focal arteriolar narrowing was evaluated in all 8 sectors. General arteriolar narrowing was only evaluated in the outer 4 sectors of the grid and defined as an arteriolar-to-vein ratio of #50% in any vessel segment. 20 The 8 sectors of the grid were also evaluated for arteriovenous nicking and arteriolar and venous tortuosity. The entire fundus photograph, not just limited to the ARIC grid, was evaluated for microaneurysms and cotton wool spots. When poor picture quality prevented evaluation of the photographs or the authors were not certain of a retinal finding, this was recorded. For our study, "retinal microvascular" abnormalities included retinal hemorrhages, vascular occlusion, grade III/IV hypertensive retinopathy, cotton wool spots, microaneurysms, focal and generalized arterial narrowing, arteriovenous nicking, and arteriolar and venous tortuosity. "Nonmicrovascular" abnormalities included optic disc pallor and isolated optic disc edema.
Statistical analysis. Statistical analysis was performed using R: a language and environment for statistical computing (R Foundation for Statistical Computing, http://www.R-project.org). Two-tailed p values ,0.05 were considered statistically significant. Descriptive statistics and logistic regression were performed, with cerebrovascular disease (CVD) as the outcome, ocular fundus abnormalities (coded as 2 indicator variables for microvascular and nonmicrovascular) as exposure of interest, and with age, blood pressure, diabetes status, DWI, clinical symptoms of focal weakness or speech impairment alone, and duration of symptoms as multiple predictors of interest. A p value-based backward elimination was used for variable reduction. Even though stroke requires a DWI-positive lesion, and was expected to be strongly associated with CVD, failure to include it in the model would prevent a determination of whether ocular fundus findings provide additional diagnostic information beyond that of DWI. In additional models, the ABCD 2 score was used rather than its individual components, and the model comparing patients with TIA and non-CVD did not include DWI. Bootstrap estimates were used to compare C statistics between nested logistic models.
RESULTS
Among the 704 patients enrolled in the FOTO-ED Study, 257 patients (37%) presented with focal neurologic deficits. One hundred sixtytwo patients (63%) were women, median age was 52 years (interquartile range: 37-65), and 136 (53%) had MRI performed. Forty-one patients (16%) had symptoms lasting less than 10 minutes, 29 (11%) for 10 to 59 minutes, and 187 (73%) for 60 or more minutes. Of the 257 patients with focal neurologic deficits, 81 (32%) were diagnosed with CVD (74 [91%] with MRI), among whom 22 (27%) had a stroke based on DWI. The remaining 59 (73%) were diagnosed with TIA.
Among the 257 patients who presented with focal neurologic deficits, 150 patients (58%; 95% confidence interval [CI]: 52%-64%) had one or more abnormalities of the ocular fundus, of whom 144 of 257 patients (56%; 95% CI: 50%-62%) had retinal microvascular abnormalities (table 1) . Specifically, patients with CVD were more likely to have retinal vascular occlusions, 2 or more sectors of focal arteriolar narrowing, or 4 or more sectors of generalized arteriolar narrowing. The presence of either 2 or more sectors of focal or 4 or more sectors of generalized narrowing had a sensitivity of 0.31, a specificity of 0.86, a positive predictive value of 0.51, and a negative predictive value of 0.73. Nonmicrovascular changes were more likely associated with a non-CVD diagnosis with a sensitivity of 0.07, a specificity of 0.98, a positive predictive value of 0.86, and a negative predictive value of 0.32. Overall, patients with CVD tended to be older, have higher systolic blood pressure, and have diabetes (table 1) .
Among the 81 patients with CVD, patients with stroke were more likely to have higher systolic (median 160 vs 146 mm Hg, p 5 0.02) and diastolic (median 82 vs 80 mm Hg, p 5 0.04) blood pressures and were also more likely to have retinal vascular occlusions than patients with TIA (3 [14%] vs 1 [2%], p 5 0.03). There were otherwise no significant differences between patients with stroke and TIA when comparing the remaining demographics and ocular funduscopic findings. Comparing patients with TIA and non-CVD diagnoses (i.e., excluding patients with stroke), patients with TIA tended to be older and to have higher systolic blood pressure, diabetes, and 2 or more sectors of focal and 4 or more sectors of generalized retinal arterial narrowing (table 1) .
Backward elimination of a multivariable logistic regression model of fundus findings on CVD that initially controlled for age, sex, blood pressure, diabetes status, clinical presentation, symptom duration, and DWI showed that patients diagnosed with CVD were likely to be older, to be diagnosed with diabetes, and to have abnormal DWI (table 2). Among retinal microvascular findings, only 2 or more sectors of focal and 4 or more sectors of generalized arteriolar narrowing were associated with an increased odds of clinically diagnosed CVD (focal odds ratio [OR] 8.1; 95% CI: 1.8-36.1; p 5 0.006; generalized OR 2.4; 95% CI: 1.01-5.7; p 5 0.049) while nonmicrovascular retinal changes were associated with a significantly reduced odds of clinically diagnosed CVD (OR 0.10; 95% CI: 0.01-0.77; p 5 0.03). When controlled for the ABCD 2 score instead of its individual components, the odds of CVD were 5.1 times higher when focal narrowing was present (95% CI: 1.4-19; p 5 0.02) and 2.7 times higher when generalized narrowing was present (95% CI: 1.3-5.9; p 5 0.01). The magnitudes were also similar when both the ABCD 2 score and DWI were controlled (focal OR 5 5.5; 95% CI: 1.4-22; p 5 0.02; generalized OR 5 2.6; 95% CI: 1.2-5.7; p 5 0.02).
The addition of focal and generalized narrowing and other fundus findings to the model led to a Abbreviations: AV 5 arteriovenous; CVD 5 cerebrovascular disease; IQR 5 interquartile range.
Neurology 85 July 21, 2015 significant increase in the C statistic, even after accounting for ABCD 2 score and DWI (0.77 vs 0.71, p 5 0.02). Excluding patients with stroke (i.e., retaining patients with TIA and non-CVD diagnoses), these fundus findings remained significantly associated with TIA (table 3) and improved the prediction of TIA vs non-CVD over and above ABCD 2 alone (0.71 vs 0.63, p 5 0.04).
DISCUSSION Fifty-eight percent of patients who presented to our ED with focal neurologic deficits had one or more abnormalities of the ocular fundus; specifically, 56% of patients with focal neurologic deficits had retinal microvascular abnormalities. Among the retinal microvascular changes, 2 or more sectors of focal arteriolar narrowing increased the odds of clinically diagnosed CVD by 8 times, and 4 or more sectors of generalized arteriolar narrowing increased the odds of clinically diagnosed CVD by 2.5 times. When controlled for the ABCD 2 score, the odds of CVD were 5 times higher when focal narrowing was present and nearly 3 times higher when generalized narrowing was present. Nonmicrovascular changes, overall, reduced the odds of CVD by one-tenth. Our findings are not surprising because the retina and optic nerve are an extension of the CNS tissue, and the retinal and cerebral microvasculature are similar embryologically, anatomically, and physiologically. 11 Extensive data from population-based studies have shown that retinal microvascular abnormalities are associated with diabetes, hypertension, and stroke. Population-based studies of subjects older than 40 years, including the Beaver Dam Eye Study and The Blue Mountain Eye Study, have found that about 10% to 16% have generalized arteriolar narrowing 21, 22 and about 8% to 13% have focal arteriolar narrowing. 16 Even with our stricter cutoffs for narrowing, which require multiple quadrants of disease, and our younger population, we had similar prevalences (17% generalized; 6% focal), suggesting that our cohort has more severe disease, as would be expected.
The association of retinal microvascular abnormalities with stroke in population-based studies persists even after adjusting for diabetes and hypertension. [23] [24] [25] [26] Wang et al. 27 obtained dilated ocular fundus photographs of patients admitted to the hospital with TIA or acute stroke and found that their patients had 7.2 to 8.9 times the odds of having focal arteriolar narrowing compared with normal controls. Although our study occurred in the acute setting of the ED and was performed without pupillary dilation, we observed very similar ORs.
Perhaps even more interesting is the finding that both focal and general arteriolar narrowing remained significantly associated with TIA when patients with stroke were excluded from the analysis. In fact, these fundus findings improved the prediction of TIA vs non-CVD even after accounting for the ABCD 2 score. While we recognize that the ABCD 2 score is intended to be used as a risk stratification tool, some authors have suggested that the reason the ABCD 2 score is effective in predicting the risk of future events is its diagnostic capabilities in differentiating TIA from non-CVD. 9 Thus, the results of this study suggest that ocular fundus abnormalities are an independent factor to be considered in the diagnosis of stroke and, especially, of TIA, which remains extremely difficult to differentiate objectively from noncerebrovascular causes of focal neurologic deficits in the ED. Indeed, numerous studies have emphasized the difficulty of making a definite diagnosis of TIA in the ED. TIA is a clinical diagnosis and up to 50% of patients Table 3 Final multivariable logistic regression model with TIA as outcome presenting to the ED with suspected TIA have other conditions mimicking a TIA. 28, 29 The inclusion of systematic nonmydriatic fundus photographs in patients with acute transient focal neurologic deficits would potentially decrease overdiagnosis of TIA in the ED. Given the portability of ophthalmoscopes, ocular funduscopic examinations can be done anywhere, including in the ED, but ophthalmoscopy is challenging, especially without pharmacologic pupillary dilation and constant practice. [30] [31] [32] Ophthalmoscopy at bedside also has a low sensitivity for subtle findings, such as isolated retinal hemorrhages or retinal vascular changes, even in the hands of ophthalmologists. 33 In contrast, nonmydriatic fundus photography does not require the patient's pupils to be dilated, and provides high-resolution photographs with a wide field of view improving the sensitivity for abnormalities. The FOTO-ED Study previously showed the superiority of nonmydriatic fundus photography to direct ophthalmoscopy in the ED. 34 Indeed, in phase I of the FOTO-ED Study, when the ED physicians did not have access to the nonmydriatic fundus photographs, direct ophthalmoscopy was performed on only 5 of 33 patients who were found to have funduscopic abnormalities on photographs; the direct ophthalmoscopy results were erroneously recorded as normal for all 5 patients. 34 In phase II of the FOTO-ED Study, when the photographs were made available to ED physicians, they were able to identify 46% of the relevant abnormalities on the photographs without additional training. 19 The cost of a nonmydriatic camera is currently more than the cost of outfitting several ED examination rooms with direct ophthalmoscopes (approximately $25,000 vs $5,000), but if photography became a useful adjunct in the evaluation of patients with possible TIA and stroke, it is worthwhile noting that it is substantially less than the cost of systematic brain MRI, which is standard care for these patients. The addition of nonmydriatic fundus photography to the diagnostic armamentarium available to an ED will likely prove cost-effective in the near future. Such cameras are already routinely used in clinical practice by nonophthalmologists in primary care (e.g., the national Veterans Affairs telescreening program for diabetic retinopathy 35 ) and neurologist offices.
One limitation of the definition of generalized arteriolar narrowing based on venular diameter used in this and the ARIC Study is that arteriolar narrowing could instead represent venular widening, which has also been associated with stroke. 36 The FOTO-ED studies were not specifically designed to address the hypothesis of this study. However, the similarity of our effect sizes to those of other studies and the apparent value of adding focal and general arteriolar narrowing to the ABCD 2 score in differentiating TIA from other non-CVD causes of focal neurologic deficits deserve confirmation in a dedicated study. In addition, it remains to be confirmed whether identification of these retinal microvascular abnormalities will assist in the risk prediction of short-term strokes following TIA. Finally, how photographs are evaluated for microvascular findings (e.g., by ED physicians vs ophthalmologists via telemedicine) will also require additional study.
Ocular fundus examination appears valuable in the differentiation of stroke and TIA from other causes of focal neurologic deficits in the ED setting. Our study shows that the presence of focal and general arteriolar narrowing increases the odds of clinically diagnosed CVD and helps in differentiating TIA from non-CVD events in the ED. Nonmicrovascular abnormalities, however, strongly suggested alternative diagnoses. We believe that the ease of use and commercial availability of nonmydriatic ocular fundus cameras will facilitate the incorporation of this examination technique into routine clinical practice.
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